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Abstract
We apply neural nets with ReLU gates in online reinforce-
ment learning. Our goal is to train these networks in an in-
cremental manner, without the computationally expensive ex-
perience replay. By studying how individual neural nodes
behave in online training, we recognize that the global nature
of ReLU gates can cause undesirable learning interference
in each node’s learning behavior. We propose reducing such
interferences with two efficient input transformation methods
that are geometric in nature and match well the geometric
property of ReLU gates. The first one is tile coding, a classic
binary encoding scheme originally designed for local general-
ization based on the topological structure of the input space.
The second one (EmECS) is a new method we introduce; it is
based on geometric properties of convex sets and topological
embedding of the input space into the boundary of a convex
set. We discuss the behavior of the network when it operates
on the transformed inputs. We also compare it experimentally
with some neural nets that do not use the same input trans-
formations, and with the classic algorithm of tile coding plus
a linear function approximator, and on several online rein-
forcement learning tasks, we show that the neural net with
tile coding or EmECS can achieve not only faster learning
but also more accurate approximations. Our results strongly
suggest that geometric input transformation of this type can be
effective for interference reduction and takes us a step closer
to fully incremental reinforcement learning with neural nets.
1 Introduction
Reinforcement learning systems must use function approx-
imation in order to solve complicated real-world problems.
Neural nets provide an effective architecture for nonlinear
function approximation (Cybenko 1989), and their ability
to adapt through a data-driven training process makes them
powerful general function approximators for self-learning
systems. Neural nets have been used since the early days of
reinforcement learning (Miller, Sutton, and Werbos 1990;
Tesauro 1995); reinvigorated now by the advances in deep
learning, they are the driving force behind most recent pro-
gresses toward large-scale reinforcement learning (Mnih et
al. 2015; Silver et al. 2016; Wang et al. 2018).
On the other hand, it was also known early on that as
neural nets generalize globally in training, they have a weak-
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ness: when the network gains new experience, it tends to
“forget” what it has learned in the past, a phenomenon known
as “catastrophic interference” (McCloskey and Cohen 1989;
French 1999). Indeed, since in a neural net a function is
implicitly represented by the weights on the network con-
nections, changes in a few weights during training could
result in global changes of the function. In this paper we are
interested in catastrophic interference as it arises in online
reinforcement learning.
Solution methods have been proposed to address the catas-
trophic interference issue in the supervised learning context
(French 1999; Lee et al. 2017); however, these methods are
not readily available for use in the reinforcement learning
framework. Most if not all of these techniques focus on multi-
task supervised learning and are specific to the transfer learn-
ing context and are not applicable to the online reinforcement
learning context with rapidly changing policies. The main
reason behind this limitation is that interference reduction
techniques proposed for supervised learning settings rely on
the fact that the learning agent can successfully learn to make
progress on a single task. As we will show later in the pa-
per, due to severe interference, systems that use neural nets
as function approximators can fail to make progress even
on a single task in online reinforcement learning. Failing to
solve a single task successfully, it is then out of the ques-
tion to apply multi-task transfer-learning techniques to the
reinforcement learning framework. An interesting research
direction is to adapt these supervised learning techniques to
the reinforcement learning context; however, this is not what
we pursue in this work. Instead, we propose novel methods
that are suitable for online reinforcement learning.
The main strategy to work around the catastrophic inter-
ference problem in reinforcement learning has been to train
neural networks offline with batch data and experience re-
play buffers (Mnih et al. 2015; Lin 1993). Experience replay
uses, at each training step, a rich sample of past and newly
gathered data in order to update the neural network weights.
This strategy seems to work in practice, but it requires a lot of
memory and computation and slows down the training speed.
Moreover, experience replay avoids interference at the cost
of losing the advantages of online updating, which is one of
the important characteristics of the reinforcement learning
framework (Sutton and Barto 2018).
In this work, we explore alternative fully incremental on-
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line approaches to mitigate the catastrophic interference prob-
lem instead of using experience replay. To begin with, we
consider a two-layer network with one hidden layer and fo-
cus on the behavior of individual nodes that use the popular
ReLU gates. We recognize that with the ReLU activation
function, a neural node has to respond linearly to inputs from
an entire half-space, and this global nature of ReLU gates
can cause undesirable learning interference in each node’s
learning behavior. The observation led us to propose reducing
such interferences with two input transformation methods.
Both methods are geometric in nature, and as we will show,
their geometric properties match well the geometric property
of ReLU gates. As we will discuss in more detail later in
the paper, both methods enable the neural nodes to respond
to a local neighbourhood of their input space. This can help
neural networks to generalize more locally and prevent inter-
ference. While input transformation is one major approach
to address the interference problem in neural nets (French
1999), the two geometric methods we study in this paper have
not been considered before, to our knowledge.
The first method is tile coding (Albus 1975), a classic bi-
nary encoding scheme that captures the topological structure
of the input space in the codes and can help promote local
generalization. We refer to the combination of tile coding
with neural nets as TC-NN. We will show that compared
to neural nets operating on raw inputs, TC-NN generalizes
more locally, has less interference, and learns much faster.
We will also show that TC-NN has advantages over the clas-
sic approach of combining tile coding with a linear func-
tion approximator (TC-Lin), especially for high-dimensional
problems, in terms of function approximation capability.
The second method (EmECS) is a new method we intro-
duce. It is based on topological embedding of the input space
and geometric properties of convex sets. The idea is to embed
the input space in the set of extreme points of a closed convex
set, so that although with ReLU, a neural node must always
respond linearly to all points from an entire half-space of the
transformed input space, with respect to the original input
space, it can respond only to the inputs from a small local
region, thus reducing its learning interference. As we will
show, EmECS can be implemented easily and efficiently, and
it differs from other high-dimensional representations in that
(i) it does not increase the dimensionality of the inputs by
much (indeed it can work with just one extra dimension),
and (ii) it can be applied on top of any pre-extracted fea-
tures that are suitable for a given task. As we will also show,
EmECS shares some similarities with coarse coding (Hinton,
McClelland, and Rumelhart 1986), of which tile coding is
a special case, despite their being seemingly unrelated. Our
experimental results show that with EmECS, neural nets can
perform as well as TC-NN, achieving both fast learning and
accurate approximations.
The rest of this paper is organized as follows. We first
provide the background on nonlinear TD(λ) and Sarsa(λ).
We then discuss TC-NN and EmECS methods. We present
experimental results before ending the paper with a discus-
sion on future work. A few supporting results and detailed
discussions are collected in the appendices.
2 Background: Nonlinear TD(λ) and
nonlinear Sarsa(λ)
In this paper we use TD(λ) and Sarsa(λ) methods (Sutton
1988; Rummery and Niranjan 1994) for solving prediction
and control problems respectively. The prediction problem
is that of learning the value function of a given stationary
policy in a standard Markov Decision Process (MDP) with
discounted or total reward criteria (Puterman 1994). Specifi-
cally, an agent interacts with an environment at discrete time
steps t = 0, 1, 2, . . .. If at time t the agent is in state St
and selects an action At, the environment emits a reward
Rt+1 and takes the agent to the next state St+1 according
to certain probabilities that depend only on the values of
(St, At). We consider problems where the action space A is
finite, and the state space S is either finite or a bounded sub-
set in a Euclidean space—the problems in our experiments
have continuous state spaces. A stationary policy is repre-
sented by a function pi : A × S → [0, 1], which specifies
the probabilities of taking each action at a state in S. The
value function of the policy pi is defined by the expected sum
of the discounted future rewards (or simply the expected re-
turn), vpi(s) = Epi
[∑∞
k=0 γ
kRt+k+1 | St = s
]
, for all s ∈ S ,
where γ ∈ [0, 1] is the discount factor and Epi[·] denotes tak-
ing expectation under policy pi. The prediction problem for
the agent is to estimate vpi. In the control problem, policies
are not fixed and through interactions with the environment,
the agent needs to find an optimal policy that maximizes the
expected return.
For prediction problems, we apply TD(λ) with nonlinear
function approximation to update the weights w of a neural
network using a small step size α according to
wt+1 = wt + α δt zt. (1)
Here δt is the temporal-difference error and zt the eligibility
trace vector, calculated iteratively as
δt = Rt+1 + γvˆ(St+1,wt)− vˆ(St,wt), (2)
zt = γλzt−1 +∇wvˆ(St,wt), (3)
where vˆ(s,w) represents the approximate value for state s
produced by the neural net with weightsw, and∇wvˆ(St,wt)
denotes the gradient of the function vˆ(St, ·) at w = wt.
Sarsa(λ) is the control variant of TD(λ). When it was
first proposed, it actually used neural networks as function
approximators (Rummery and Niranjan 1994). Its update
rules are similar to those of TD(λ) except that vˆ(St,wt)
is replaced by qˆ(St, At,wt), the approximate value for the
state-action pair (St, At) produced by the neural net. The
action at each time step is typically chosen in an -greedy
way with respect to the current approximating function. (We
use  = 0.1.)
The network structures we used for prediction and control
are different. For prediction, the network receives, as input,
the state (or a representation of it) and outputs the approxi-
mate value for that state. For control, the input stays the same,
but the network outputs multiple values, one for each action,
to approximate the state-action values at that state. All neural
nets in this work have a single hidden layer that uses ReLU
gates and a linear output layer that does not use any gate
function.
Continuous
2D Space
Tiling 1
Tiling 2
Tiling 3
Point in
state space
Generalization region
of the point
Figure 1: A continuous 2D space with 1 tiling on top of it
is shown on the left. Three overlapping tilings on the 2D
continuous space are shown in the middle in blue, green and
red. The generalization region for a sample point is shown
on the right.
3 Tile coding plus neural networks: TC-NN
Tile coding is a form of coarse coding, in which we cover
the state space S with overlapping sets, and encode a state
s by a binary string, where the bits that are 1 indicate which
sets contain s. These overlapping sets capture, in a coarse
way, the topological structure of the state space (i.e., which
points are close together and which regions are connected to
each other), and the encoding carries this structural informa-
tion. In tile coding the overlapping sets are hyper-rectangles;
Figure 1 illustrates a simple encoding for a 2D space. The
states are thus mapped to vertices of a unit cube in a higher
dimensional space. Tile coding is well-suited when the phys-
ical states occupy only a small portion of the input space,
and also when the state space is non-Euclidean and has a
natural product structure, as in many robotics applications.
For example, in Acrobot, two angular control parameters
lie on a Cartesian product of two circles (a torus) and can be
tile-coded efficiently.
Tile coding was invented by Albus (1975; 1981). It is
the key component of his CMAC computation architecture,
which is, in fact, tile coding plus a linear function approxi-
mator (TC-Lin). The nonlinear input map provided by the
encoding was to facilitate local generalization: the result of
training at a particular state generalizes locally to the “neigh-
borhood” of that state as defined by the union of those sets
that contain the state (cf. Figure 1). CMAC has been applied
in control and robotics and is known, among brain-inspired
computational models, as a different type of neural network,
an alternative to the globally generalizing, backpropagation-
type neural net (Miller, Glanz, and Kraft 1990; Balakrishnan
and Weil 1996). In reinforcement learning, Lin and Kim
(1991) proposed CMAC/TC-Lin for TD(λ). Tham (1994)
used it with a variety of online reinforcement learning algo-
rithms, including Q-learning and Sarsa(λ), to solve complex
robotics problems. Other successful examples of using TC-
Lin with Sarsa(λ) were also shown by Sutton (1996). (See
the textbook (Sutton and Barto 2018, Chapter 9.5) for an
excellent introduction to tile coding and its applications in
reinforcement learning.) Given the rich history of TC-Lin,
our proposal to combine tile coding with a neural net may
seem unorthodox at first sight. Let us now explain the merits
of this TC-NN combination, as well as its differences from
TC-Lin, from several perspectives.
It is true that a neural net tends to generalize globally, so in
TC-NN each neural node tends to respond to a much larger
area of the state space than an ideal local neighborhood as in
# Steps
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Acrobot control
TCj-LinNN
TCj-NN
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Episode
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NN
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  = 0.0
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Figure 2: Learning curves for TC-Lin and TC-NN with the
joint tile coding scheme (TCj-Lin and TCj-NN), and neural
nets with raw inputs (NN). Standard deviation and mean
of 30 runs are shown for each curve. TCj-NN was fast and
converged to a lower final performance when λ = 0. As λ
got larger, different methods performed more similarly.
TC-Lin. However, tile coding gives each node the ability to
pick the size and shape of its activation region with respect to
the original state space (see Appendix D for examples of ac-
tivation regions of TC-NN from an experiment). In contrast,
if the neural net works on the state space directly, every node
has to respond to an entire half-space linearly. This causes
interference and can slow down learning considerably, as we
observed in the Acrobot problem (Figure 2). Sometimes
the interference can be so severe that it prevents the network
from learning at all (see Appendix B for some failure ex-
amples of neural nets with raw state inputs and with RBF
features).
An advantage that TC-NN has over TC-Lin is in the func-
tion approximation capability. This becomes critical, as the
dimensionality of the state space S increases. To cope with
the curse of dimensionality, when S has a natural Cartesian
product structure, one can tile-code separately each compo-
nent in the product. This encoding captures the same infor-
mation as tile-coding all the dimensions of S jointly, but is
much more efficient, since the resulting code length then
scales linearly with the dimensionality of S . However, with a
linear function approximator, the encoding is also tied with
how TC-Lin generalizes during training and what functions
TC-Lin can approximate. As the result of these strong ties, if
we tile-code each dimension separately: (i) the generalization
of TC-Lin becomes global, and (ii) the set of functions TC-
Lin can approximate becomes limited, since it can represent
only functions that are sums of functions of each component.
In contrast, for TC-NN, if we use the separate tile coding
scheme: (i) the neural net still has the freedom to choose re-
gions of generalization as before, and these regions need not
be as global as those in TC-Lin, and (ii) the set of functions
that the neural net can approximate remains the same. The
latter is because with either the separate or joint tile coding
scheme, the states are mapped to vertices of a hyper-unit-cube
with the same granularity, and the neural net can separate
each vertex from the rest of the vertices by using a single
hidden node (with ReLU) and assign a specific value to that
vertex. We will show experimental results that confirm this
advantage of TC-NN in the experimental results section (cf.
Figure 6) and in Appendix D (cf. Figure 16), where we will
also discuss this subject in a more intuitive manner.
4 Embedding into Extreme points of a
Convex Set (EmECS)
We now introduce a new input transformation method,
EmECS, for reducing the learning interference of individ-
ual neural nodes with ReLU gates. This method is based on
two geometric properties:
(i) With ReLU, the activation region of a neural node is the
open half-space
{x | 〈w, x〉+ b > 0} (4)
that corresponds to the hyperplane 〈w, x〉+b = 0, where
w is the vector of weights and b the scalar bias term
associated with the node.
(ii) For a closed convex set C, consider a point x ∈ C and
the neighborhoods of x relative to C (i.e., the intersec-
tions of its neighborhoods with C). If x is an extreme
point of C, there is a hyperplane whose open half-space
(4) contains only a (arbitrarily) small neighborhood of
x relative to C.1 The left part of Figure 3 illustrates this
property of an extreme point.
If X is the original input space of the neural net (X can
be the state space of the problem or the space of any pre-
extracted features of states), our method is to embed X in
the set of extreme points of a closed convex set in a higher
dimensional Euclidean space, and let the neural-net work
with the transformed inputs instead of the original inputs.
Here, by embedding, we mean a one-to-one continuous
map f whose inverse f−1 : f(X) → X is also continuous.
Such a map is called a topological (or homeomorphic) embed-
ding because it preserves topological properties (Engelking
1989). For example, if the states lie on a manifold in X (say,
a torus), their images under f lie on a topologically equiva-
lent manifold (thus also a torus), and if the states form two
1An extreme point of a convex set C is one that cannot be
expressed as a convex combination of other points of C. For a
closed convex set C, by Straszewicz’s Theorem (Rockafellar 1970,
Theorem 18.6), every extreme point is the limit of some sequence
of exposed points, where an exposed point of C is a point through
which there is a supporting hyperplane that contains no other points
of C (Rockafellar 1970, Section 18, p. 163). This means that for an
exposed point y, there is a linear function fy achieving its maximum
over C uniquely at y. Consequently, for any extreme point x, we
can choose an exposed point y sufficiently close to x so that for
some linear function fy with the property just mentioned and for
some  > 0, the half-space {z | fy(z) ≥ fy(y)− } contains only
a small neighborhood (relative to C) of x. As this neighborhood
of x consists of the -optimal solutions of supz∈C fy(z), it can be
made arbitrarily small by the choices of y and . The corresponding
linear function fy then gives the hyperplane fy(z) = fy(y) − 
with the desired property (ii), thus proving our claim.
X
C
e
Figure 3: On the left is a cross-section view of a hyperplane
cutting out a small part of a closed convex set C (in R3)
around an extreme point e (black dot). This point e corre-
sponds to the point f−1(e) in the original input space X
shown on the right. The entire half-space above the hyper-
plane is the activation region of a neural node in the trans-
formed input space. But only those boundary points of C
above the hyperplane (indicated by the thick black line in this
cross-section view) correspond to real inputs in X , which
form a small neighborhood (shaded area) around the point
f−1(e) (black dot). The neural node thus only responds to
inputs from that neighborhood in X .
disconnected sets in X , so do their images under f . By com-
bining this topology-preserving property of an embedding
with the geometric properties of convex sets discussed earlier,
we obtain the following. If we choose a closed convex set
C whose boundary points are all extreme points, and if we
embed X into the boundary of C, then a neural node with a
ReLU gate, when applied to the transformed inputs, becomes
capable of responding to only a small neighborhood of any
given point in the original input space X (cf. Figure 3). This
explains the mechanism of our EmECS method: it enables
each neural node to work locally, despite the global nature of
ReLU.
Of course, having the ability of localized generalization at
each node does not mean that the network always allocates
a small region to each node or different regions to different
nodes—indeed it is hard for such coordination between nodes
to emerge automatically during training. Nonetheless, our
experiments showed that EmECS can improve considerably
neural nets’ learning performance.
We can implement EmECS efficiently. Below are a few
simple examples of the embedding; in our experiments we
have used (a) and (c) (which give the LPj-NN and LPs-NN
algorithms in the experimental results section).
Example 1 (Some instances of maps for EmECS)
Suppose X ⊂ Rn.
(a) Map X into an n-sphere of radius r in Rn+1 by first
“lifting” the set X along the (n+ 1)-th dimension and
then projecting it on the sphere. Specifically, for x ∈ X ,
let
f(x) = r · (x, 1)/‖(x, 1)‖2. (5)
We shall refer to this type of map as lift-and-project (LP
for short).
(b) Let g be a continuous, strictly convex function on Rn
(e.g., g(·) = ‖ · ‖22). Map x ∈ X to f(x) = (x, g(x)).
This embeds X into the graph of the function g, and
the closed convex set C here is the epigraph of g: C =
{(x, ν) | x ∈ Rn, ν ∈ R, ν ≥ g(x)}.
(c) If X = X1 × X2 × · · · × Xm where each Xi ⊂ Rni ,
we can separately embed each Xi in Rni+1, with a map
fi of the form given in (a)-(b), for instance. The re-
sult is the embedding of X in Rn+m given by f(x) =(
f1(x), . . . , fm(x)
)
. The range of f is a subset of ex-
treme points of the closed convex setC = C1×· · ·×Cm,
where Ci is the convex set associated with the embed-
ding fi. Sometimes, a component space Xi already con-
tains the desired embedding of the state components
(e.g., when the latter lie on a circle or sphere in Xi).
Then we do not need to embed Xi any more and can
simply take fi above to be the identity map fi(xi) = xi.
EmECS shares some similarities with coarse coding (Hin-
ton, McClelland, and Rumelhart 1986) despite their being
seemingly unrelated. With EmECS, the activation regions of
individual nodes, viewed in the original input space, resem-
ble the receptive fields (i.e., the overlapping sets) in coarse
coding. Like the latter, each activation region is connected
(thanks to the embedding property), if the hyperplane asso-
ciated with the node has its normal vector point in the right
direction in the transformed input space. For instance, for
the lift-and-project map in Example 1(a), it suffices that the
normal vector points “upwards” with respect to the extra
(n+1)-th dimension (in our experiments we always initialize
the network weights in this way). In coarse coding, receptive
fields can have different sizes and shapes, but they are chosen
before learning takes place. With EmECS, the activation re-
gions of neural nodes change their locations and sizes dynam-
ically during learning. The shapes of these regions depend
partly on the embedding, so by choosing the embedding, we
can have some influence over them, like in coarse coding. For
example, the separate embedding scheme in Example 1(c)
gives the network more freedom to produce activation re-
gions that are asymmetric, wider in some dimensions and
narrower in others, whereas a joint embedding scheme like
Example 1(a) can be used to enforce symmetric or specific
asymmetric shapes. (See Appendix E for illustrations and a
more detailed discussion.)
Let us now compare EmECS and TC-NN. They both map
the original inputs to the extreme points of a convex set—in
the case of tile coding, the convex set is a hypercube and the
extreme points are its vertices, and they both use the topo-
logical structure of the original space to do so. A difference
between them is that for EmECS the input transformation
is an embedding, whereas for tile coding it is not. As a con-
sequence, in TC-NN, an activation region of a neural node,
viewed in the original input space, can (and usually do, as
observed in our experiments) contain multiple disconnected
components. This suggests that one may be able to further
improve the performance of TC-NN by initializing the neural
net in a certain way or by monitoring and “pruning” the acti-
vation regions of its nodes during training. Another difference
between the two methods is in computational complexity. For
TC-NN, suppose each dimension of the inputs can be tile-
coded separately; then the dimensionality of the transformed
inputs will still depend on the size of the original input space
along each dimension. In contrast, EmECS only increases
the dimensionality of the inputs by the number of component
spaces that are embedded separately (cf. Example 1). So,
given the same number of hidden-layer nodes, the neural net
with EmECS has much fewer parameters than the TC-NN
network.
5 Experimental results
In this section, we show experimentally that our proposed
methods are fast and accurate. We compare our proposed
methods with two existing online methods: tile coding plus
linear function approximation (TC-Lin) and neural networks
with raw inputs (NN). We do not compare our methods to ex-
perience replay as it is not a fully incremental online method.
Our proposed methods are tile coding plus neural networks
(TC-NN) and EmECS plus neural networks. From EmECS,
we used the lifting-and-projecting scheme plus neural net-
works (LP-NN). We add letters j and s to TC and LP (e.g.,
TCj-NN or TCs-NN) to show whether the dimensions of
the input are transformed in a joint or in a separate fash-
ion. LPj-NN uses the lift-and-project map in Example 1(a),
and LPs-NN uses the separate embedding scheme in Exam-
ple 1(c) with each component map fi being a lift-and-project
map. We first use three small problems to compare TCj-
NN, LPj-NN, NN, and TCj-Lin: Mountain Car predic-
tion, Mountain Car control and Acrobot control. All
problems are on-policy, undiscounted, and episodic. We per-
form another set of experiments on the Mountain Car
prediction problem to study the effects of transforming the
dimensions of the input jointly or separately. Finally, we as-
sess the practicality of our methods in higher dimensions by
applying TCs-NN and LPs-NN to a real world robot prob-
lem in an off-policy continuing setting. We also present (in
the appendix on learning interferences in online training of
neural nets) the results of using RBF kernels to transform
the input space and show that not every input transformation
method that uses the neighborhood information or creates
sparse features can be effective. Implementation details of
these experiments are given in Appendix A.
TCj-Lin
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LPj-NN TCj-NN
Episode
4 3 2 1 0
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Figure 4: Learning curve (left) and parameter study (right)
using TD(0). The top and bottom axes in the parameter study
show the step size values for linear function approximation
and neural nets respectively. TCj-Lin converged to a higher
asymptotic performance compared to other methods. Neural
networks alone (without any input transformation) slowly
converged to a good final performance. The proposed meth-
ods were fast and converged to a low final performance.
The first testbed was Mountain Car in the prediction
setting, involving the evaluation of a fixed policy. The policy
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↵
<latexit sha1_base64="JtDqaCSYHdUsAr JlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsm Y2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPj xqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIR tgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJj Nr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ3 2uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoP MIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsAr JlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsm Y2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPj xqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIR tgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJj Nr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ3 2uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoP MIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsAr JlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsm Y2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPj xqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIR tgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJj Nr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ3 2uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoP MIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsAr JlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsm Y2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPj xqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIR tgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJj Nr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ3 2uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoP MIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJC uWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULW nQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJC uWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULW nQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJC uWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULW nQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJC uWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULW nQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
7 6 5 4 3 2
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↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOy NrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBW tH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cg sezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPG A==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOy NrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBW tH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cg sezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPG A==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOy NrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBW tH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cg sezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPG A==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOy NrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBW tH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cg sezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPG A==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJC uWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULW nQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJC uWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULW nQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJC uWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULW nQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJC uWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULW nQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
6 5 4 3
↵
<latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3 UV62vqks3wSK4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBb qPx5cy/vWfacCVv7CRlYUKGksecEuukdo+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9L Cufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3 uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3 UV62vqks3wSK4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBb qPx5cy/vWfacCVv7CRlYUKGksecEuukdo+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9L Cufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3 uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3 UV62vqks3wSK4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBb qPx5cy/vWfacCVv7CRlYUKGksecEuukdo+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9L Cufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3 uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3 UV62vqks3wSK4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBb qPx5cy/vWfacCVv7CRlYUKGksecEuukdo+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9L Cufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3 uuiteAtZw7BD3hvn9odj04=</latexit>
(10 x)
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Figure 5: Results on two control problems with λ = 0. Proposed methods were fast and converged to a good asymptotic
performance on both problems. Neural nets alone (without any input transformation) were unable to solve the mountain car
problem due to catastrophic interference.
was to push towards the direction of velocity. Neural nets that
were used with different input transformation methods, had
different numbers of inputs and hidden units. NN had 2 raw
inputs: position and velocity. LPj-NN had 3 inputs: position,
velocity, and its extra dimension. TCj-NN used a feature size
of 80 (see Appendix A for details of tile coding and why the
number of features is 80). TCj-Lin had the same number of
features as TCj-NN. In this problem we carefully chose the
number of hidden units to make sure all methods had almost
the same number of weights in the neural net. We gave NN
and LPj-NN 135 and 100 hidden units to create networks
with a total of 405 and 400 weights respectively. We gave
TCj-NN only 5 hidden units, which resulted in a network
with 405 weights.
We ran each method under each parameter setting for 30
independent times (30 runs). Each run had 2000 episodes.
We then averaged over runs to create learning curves. We also
performed a parameter study over different step sizes: for
each α and each run, we computed an average over the last
5% of episodes, which produced 30 numbers – one for each
run. We then computed the mean and standard error over the
resulting numbers. We used our parameter study results to
choose the value of the step size for the learning curves we
plotted. For all methods, we chose the largest step size (and
thus fastest convergence) for which the final performance
was close to the best final performance of that method. We
used an estimation of the root mean square value error as the
error measure:
R̂MSVE(wt) =
√
1
|D|
∑
s∈D
[vˆ(s,wt)− vpi(s)]2
Here D is a set of states that is formed by following pi to
termination and restarting the episode and following pi again.
This was done for 10,000,000 steps, and we then sampled 500
states form the 10,000,000 states randomly. The true value
vpi(s) was simply calculated for each s ∈ D by following pi
once to the end of the episode.
Results on the Mountain Car prediction (Figure 4)
show that NN had a good final approximation of the value
function; however, it was slow. TCj-Lin was fast but it could
not approximate the value function as accurately as other
methods. TCj-NN and LPj-NN were both fast and approxi-
mated the value function accurately. LPj-NN made the most
accurate approximation.
The second testbed was Mountain Car in the control
setting. We used -greedy Sarsa(λ) with  = 0.1. The perfor-
mance measure was the number of steps per episode, which
is equal to the negative return. We did 30 runs. Each run
had 500 episodes. NN, TCj-NN and LPj-NN all had 800
hidden units. We used the same tile coding scheme as in the
Mountain Car prediction problem.
All methods except NN learned to successfully reach the
goal. NN could not solve the task with raw inputs. TCj-NN
was the fastest method to achieve its best final performance,
LPj-NN came second and TCj-Lin was the slowest (see Fig-
ure 5(a)).
The third testbed was Acrobot in the control setting. We
used -greedy Sarsa(λ) with  = 0.1. Performance measure
was similar to Mountain Car control. TCj-Lin and TCj-
NN had a feature size of 256 (see Appendix A for tile coding
details). TCj-NN used 4000 hidden units. NN and LPj-NN
had 2000 hidden units. LPj-NN fed the neural net with 5
inputs (original dimensions plus one extra dimension). We
did 30 runs. Each run had 500 episodes.
The best final performance was achieved by TCj-NN, fol-
lowed by LPj-NN, then NN and then TCj-Lin. Speed wise,
LPj-NN and TCj-NN were the fastest methods. Figure 5(b)
summarizes the results.
We also did a parameter study on the Mountain Car
prediction problem to study the effects of transforming the
dimensions of the input jointly and separately. The final per-
formances of LPs-NN and LPj-NN were similar, so were the
final performances of TCj-NN and TCs-NN. However, the
final performance of TCs-Lin was worse than that of TCj-Lin.
This confirms one of our assumptions from Section 3: tile
coding the input dimensions separately (vs jointly) does not
pose generalization restrictions (and does not affect the final
performance) when combined with neural nets. However, it
does pose restrictions (and affects the final performance) if
combined with linear function approximation. See Figure 6
for these results when λ = 0 and 0.85, and see Appendix D
for results on other values of λ.
As a starting point for working in higher dimensions, we
applied our methods to a real world robot task in the off-
policy setting. In this problem, a Kobuki robot wanders in a
pen, learning to predict when it will bump into something if it
LPj-NN
TCj-NN
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<latexit sha1_base64="JtDqaCSYHdUsArJlV iGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYI S/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbE RomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3i t/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEk cuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0 L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==< /latexit><latexit sha1_base64="JtDqaCSYHdUsArJlV iGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYI S/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbE RomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3i t/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEk cuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0 L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==< /latexit><latexit sha1_base64="JtDqaCSYHdUsArJlV iGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYI S/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbE RomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3i t/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEk cuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0 L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==< /latexit><latexit sha1_base64="JtDqaCSYHdUsArJlV iGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYI S/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbE RomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3i t/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEk cuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0 L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==< /latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbV BNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFK ENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTT SNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qx XPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbV BNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFK ENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTT SNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qx XPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbV BNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFK ENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTT SNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qx XPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbV BNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFK ENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTT SNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qx XPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
↵
<latexit sha1_base64="JtDqaCSYHdUsArJlV iGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYI S/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbE RomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3i t/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEk cuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0 L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==< /latexit><latexit sha1_base64="JtDqaCSYHdUsArJlV iGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYI S/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbE RomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3i t/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEk cuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0 L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==< /latexit><latexit sha1_base64="JtDqaCSYHdUsArJlV iGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYI S/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbE RomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3i t/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEk cuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0 L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==< /latexit><latexit sha1_base64="JtDqaCSYHdUsArJlV iGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYI S/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbE RomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3i t/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEk cuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0 L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==< /latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbV BNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFK ENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTT SNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qx XPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbV BNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFK ENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTT SNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qx XPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbV BNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFK ENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTT SNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qx XPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbV BNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFK ENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTT SNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qx XPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
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<latexit sha1_base64="PVArxDTB6pRarTE78qwq8e OZpv8=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp5IVQS9C0YvHCrZW2qVks9k2NMkuSVYoS3+FFw+KePXnePP fmLZ70NaBwDAzj7w3YSq4sRh/e6WV1bX1jfJmZWt7Z3evun/QNkmmKWvRRCS6ExLDBFesZbkVrJNqRmQo2EM4up n6D09MG56oeztOWSDJQPGYU2Kd9NgTLhqRK9yv1nAdz4CWiV+QGhRo9qtfvSihmWTKUkGM6fo4tUFOtOVUsEmllx mWEjoiA9Z1VBHJTJDPFp6gE6dEKE60e8qimfp7IifSmLEMXVISOzSL3lT8z+tmNr4Mcq7SzDJF5x/FmUA2QdPrU cQ1o1aMHSFUc7crokOiCbWuo4orwV88eZm0z+o+rvt357XGdVFHGY7gGE7BhwtowC00oQUUJDzDK7x52nvx3r2P ebTkFTOH8Afe5w8xoY/+</latexit><latexit sha1_base64="PVArxDTB6pRarTE78qwq8e OZpv8=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp5IVQS9C0YvHCrZW2qVks9k2NMkuSVYoS3+FFw+KePXnePP fmLZ70NaBwDAzj7w3YSq4sRh/e6WV1bX1jfJmZWt7Z3evun/QNkmmKWvRRCS6ExLDBFesZbkVrJNqRmQo2EM4up n6D09MG56oeztOWSDJQPGYU2Kd9NgTLhqRK9yv1nAdz4CWiV+QGhRo9qtfvSihmWTKUkGM6fo4tUFOtOVUsEmllx mWEjoiA9Z1VBHJTJDPFp6gE6dEKE60e8qimfp7IifSmLEMXVISOzSL3lT8z+tmNr4Mcq7SzDJF5x/FmUA2QdPrU cQ1o1aMHSFUc7crokOiCbWuo4orwV88eZm0z+o+rvt357XGdVFHGY7gGE7BhwtowC00oQUUJDzDK7x52nvx3r2P ebTkFTOH8Afe5w8xoY/+</latexit><latexit sha1_base64="PVArxDTB6pRarTE78qwq8e OZpv8=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp5IVQS9C0YvHCrZW2qVks9k2NMkuSVYoS3+FFw+KePXnePP fmLZ70NaBwDAzj7w3YSq4sRh/e6WV1bX1jfJmZWt7Z3evun/QNkmmKWvRRCS6ExLDBFesZbkVrJNqRmQo2EM4up n6D09MG56oeztOWSDJQPGYU2Kd9NgTLhqRK9yv1nAdz4CWiV+QGhRo9qtfvSihmWTKUkGM6fo4tUFOtOVUsEmllx mWEjoiA9Z1VBHJTJDPFp6gE6dEKE60e8qimfp7IifSmLEMXVISOzSL3lT8z+tmNr4Mcq7SzDJF5x/FmUA2QdPrU cQ1o1aMHSFUc7crokOiCbWuo4orwV88eZm0z+o+rvt357XGdVFHGY7gGE7BhwtowC00oQUUJDzDK7x52nvx3r2P ebTkFTOH8Afe5w8xoY/+</latexit><latexit sha1_base64="PVArxDTB6pRarTE78qwq8e OZpv8=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp5IVQS9C0YvHCrZW2qVks9k2NMkuSVYoS3+FFw+KePXnePP fmLZ70NaBwDAzj7w3YSq4sRh/e6WV1bX1jfJmZWt7Z3evun/QNkmmKWvRRCS6ExLDBFesZbkVrJNqRmQo2EM4up n6D09MG56oeztOWSDJQPGYU2Kd9NgTLhqRK9yv1nAdz4CWiV+QGhRo9qtfvSihmWTKUkGM6fo4tUFOtOVUsEmllx mWEjoiA9Z1VBHJTJDPFp6gE6dEKE60e8qimfp7IifSmLEMXVISOzSL3lT8z+tmNr4Mcq7SzDJF5x/FmUA2QdPrU cQ1o1aMHSFUc7crokOiCbWuo4orwV88eZm0z+o+rvt357XGdVFHGY7gGE7BhwtowC00oQUUJDzDK7x52nvx3r2P ebTkFTOH8Afe5w8xoY/+</latexit>
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Figure 6: Parameter studies comparing separate and joint
input transformation. Transforming the input dimensions
jointly or separately did not affect the performance of the
proposed methods; however, it affected the performance of
tile coding plus linear function approximation.
goes forward. More details about the reward and policies can
be found in Appendix A. The sensory information available
to the robot to learn this task consisted of 50 RGB pixels
from its camera, represented as a vector of size 150. We did
30 runs of 12000 time steps and used an estimation of root
mean square return error as the performance measure:
R̂MSRE(wt) =
√√√√ 1|D| ∑
(s,G)∈D
[vˆ(s,wt)−G]2
Here D is a set of state and return pairs selected according
to the following procedure. To sample each pair (s,G), the
robot followed the behavior policy for some random number
of steps, sampled state s, and followed the target policy from
s to compute the true return G. After sampling each pair,
the robot switched back to the behavior policy for a random
number of time steps to get the next sample. We repeated this
whole procedure 150 times to construct D.
We tile coded each of 150 numbers separately. Tile coding
produced a feature vector of size 9600. LPs-NN had 300
features. Both TCs-NN and LPs-NN had 1000 hidden units.
More experimental details can be found in Appendix A. Our
methods worked well in this environment. The results are
presented in Figure 7 (TCs-Lin and NN also performed well;
their results are not shown here).
We also studied the effect of using larger values of λ.
Eligibility traces has been shown to be effective in the past
(Rummery and Niranjan 1994; Sutton 1996). Our results (in
Appendix C) confirm that larger values of λ help all methods
(except RBFs) to learn faster and more accurately. One of the
reasons can be that eligibility traces carry the past information
Collision task prediction
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Figure 7: Learning curve and parameter study for our pro-
posed methods on the robot collision task. Results show that
our methods can be effective in higher dimensional spaces.
and this can help prevent interference. Eligibility traces are
not computationally expensive and can be an alternative to
experience replay.
6 Conclusions and future work
In this paper, we took a step towards understanding the catas-
trophic interference problem as it arises in online reinforce-
ment learning. We showed that the two geometric input trans-
formation methods, tile coding and EmECS, can help im-
prove the online learning performance of single hidden layer
neural nets with ReLU gates. Reinforcement learning sys-
tems using these transformation techniques can learn, in a
fully incremental online manner, to successfully accomplish
a task. While our focus was on reinforcement learning, these
two methods can also be applied in supervised learning with
neural nets.
Future work is to develop both methods further and under-
stand them better. Our ongoing research includes: to experi-
ment with different embeddings for EmECS and study their
effects; to test both methods on larger problems; and to use
them with multilayer neural nets and hierarchical neural nets,
for reducing the learning interference of individual nodes at
higher hidden layers of these networks. A simple idea for
combining EmECS and neural nets with multiple hidden lay-
ers is to apply EmECS to each hidden layer. Experimenting
these methods with other activation functions such as other
variants of ReLU and sigmoidal functions can also lead to
interesting observations.
Another interesting future research direction is to try to
understand if proposed methods can make improvements on
a system that uses experience replay. Since experience replay
uses batch data, it is unfair to compare it directly with online
reinforcement learning algorithms. However, a more mean-
ingful comparison could be adding experience replay to the
current methods and comparing the resulting methods with a
system that uses experience replay to overcome interference.
Our proposed methods provide a new point of view on the
problem of interference and its possible solutions, and there
is a wide range of research directions that can be pursued.
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Appendices
A Experimental details
For implementing neural networks in different settings we
used the PyTorch software (Paszke et al. 2017).
Mountain Car prediction: The original
Mountain Car problem has a 2-dimensional state
space: position and velocity. The position can vary between
−1.2 and 0.6, and the velocity varies between −0.07 and
0.07. There are three actions in each state, full throttle
forward, full throttle backward and no throttle. The car starts
around the bottom of the hill randomly (uniformly chosen
position between −0.4 and −0.6). The reward is −1 for each
time step before getting to the goal state at the top of the hill
when the position becomes larger than 0.5.
Our fixed-policy Mountain Car testbed used the same
environment as the original one only with a fixed policy. The
policy was to push towards the direction of velocity.
We applied four methods along with nonlinear TD(λ) to
approximate the value function of the policy. Each method
had different parameters. TCj-Lin and TCj-NN both used 5
tilings, each of which had 4× 4 tiles. NN used normalized
(between −1 and 1) raw inputs as its input to the neural net.
LPj-NN normalized the input space (between −1 and 1)
and then lift-and-projected the input space (as explained in
Example 1(a)) to generate transformed features for the neu-
ral network. For this method we used a radius r = 8 in the
lift-and-project map. After performing the lift-and-project,
we shifted the origin in the extra dimension by 6 so that the
hyperplanes associated with hidden units of the neural net-
work are close to the transformed inputs. This made it easier
for each node to respond to a specific part of the transformed
space. For LPj-NN and LPs-NN we made sure that the nor-
mal vectors of the hyperplanes created by neural net weights
are initialized such that they pointed “upwards” with respect
to the extra dimensions (this is done for all experiments).
The network’s weights for all methods were initialized us-
ing a normal distribution with mean 0 and standard deviation
0.5. We initialized the biases by drawing random numbers
from a normal distribution with mean 0 and standard devia-
tion 0.1.
RBF and sparse RBF features: We also used RBF ker-
nels in the Mountain Car prediction problem to trans-
form the input features. RBF features are created using the
following formula:
xi(s) = exp
(
−||s− ci||
2
2σ2i
)
where xi is the ith RBF feature, ci ∈ S is the center and
σi > 0 is the width. In our experiments we used 50 and 100
centers. These centers were chosen randomly uniformly in
the state space. We used two different widths (with respect to
normalized input): 0.085 and 0.1. (The results for 0.085 are
not presented in paper because they were always worse that
the results for 0.1.) The neural nets were initialized as before.
For each state in the state space, its RBF features were first
computed with respect to all of the centers (which creates a
feature of size 50 or 100 in our case) and then used as the
input to the neural net.
We also used another version of RBF which we call spar-
sified RBF. In this version, we found the features that are
smaller than 0.001 and set them to 0. This process made the
input sparse. We refer to this method in figures as SRBF.
Mountain Car control: We again used the classic
Mountain Car domain but this time in the control set-
ting. We used the same number of tiles and tilings in this
experiment. LPj-NN also used the same parameters as in
the prediction case. Weights and biases of the networks for
all methods were initialized with a normal distribution with
mean 0 and standard deviation 0.1. In this problem, if the
episode took more than 1000 steps, it was terminated manu-
ally.
Acrobot: The Acrobot is similar to a gymnast. Its goal
is to swing its feet above the bar its hanging from, in order to
end the episode successfully. A state consists of two angles
and two angular velocities. There are three actions: positive,
negative, and no torque. The reward is −1 for each time step
before the episode ends.
We used the Acrobot problem from Open AI Gym
(Brockman et al. 2016). We created the tile coded features
for this problem using the freely available tile coding soft-
ware from Richard Sutton’s web page. We used 8 tilings,
each of which was of size 24 since Acrobot has 4 di-
mensions, 2 tiles for each (we used a memory size of 256).
All neural networks were initialized the same way as in the
Mountain Car control problem. LPj-NN used the same
parameters as in the previous problems. If the episode took
more than 500 steps, it was terminated manually.
Robot prediction problem: Here we provide the details
on the robot prediction problem (which we also refer to as
the collision task). The robot wants to learn when it will
bump into something if it goes forward. If the robot’s sensors
detected a bump, the reward became 1 and γ became 0, other-
wise reward and γ took the values of 0 and 0.97 respectively.
The target policy was to go forward in all states. The behavior
policy was to go forward 90% of the time and turn left 10%
of the time.
We used the same tile coding software that we used for
Acrobot. To tile code each of the pixels, we used 8 tilings,
each of which has 4 tiles (and a memory size 64). The size
of the final feature vector was 9600.
LPs-NN used a radius r = 3 in the lift-and-project map.
After lifting-and-projecting the input, we shifted the origin
in every extra dimension by 2. We initialized all weights and
biases for all neural networks of different methods with a
normal distribution of mean 0 and standard deviation 0.01.
B Learning interferences in online training
of neural nets
On the Mountain Car problem, neural nets operating on
the raw state inputs suffered severe learning interferences
during online training. In most cases, they failed to learn at
all; occasionally, they succeeded but only after a long period
of training. A sample of six learning curves is plotted in
Figure 8 to illustrate this behavior. Each curve corresponds to
one run of Sarsa(λ) with λ = 0.85. The network parameters
are the same for all six curves; in particular, the hidden layer
has 800 units, and the step size α = 10−5.
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Figure 8: Learning interferences occurred in online training
of neural nets with raw state inputs, on the Mountain Car
problem. Top row: three failed runs; bottom row: three partly
successful runs.
We also observed learning interferences in neural nets that
operate on RBF features, on the Mountain Car control
problem. Figure 9 plots the learning curves of six sample
runs of Sarsa(0), where the neural net has 800 hidden units
and operates on 100 RBF features that are generated with
width parameter 0.1 (with respect to the normalized inputs),
and the step size used is about 0.0002, one of the best step
sizes based on our parameter study. A similar sample of
six learning curves for neural nets with 100 sparsified RBF
features is plotted in Figure 10, where the step size used
to obtain these curves is about 2.6 × 10−5, one of the best
choices according to our parameter study, and sparsified RBF
features are created from RBF features by replacing small
values by 0 (see Appendix A for details).
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Figure 9: Sample learning curves of neural nets with 100
RBF features, on the Mountain Car problem. Top row:
troublesome runs; bottom row: better runs.
Figure 11 shows the learning performance of neural nets
for a range of step size parameters, when they operate on
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Figure 10: Sample learning curves of neural nets with 100
sparsified RBF features, on the Mountain Car problem.
Top row: troublesome runs; bottom row: better runs.
RBF or sparsified RBF (SRBF) features with width parameter
0.1. (For the details about how we did this type of parameter
study, see the experimental results section.) As can be seen,
with RBF/SRBF features, neural nets suffered severe learning
interferences, for both small and large λ values.
The behavior of neural nets with RBF features shown
above sharply contrasted with that of LPj-NN (which used
only 3 features). Note that in both cases, the input transforma-
tions involved are topological embeddings. The difference is
that RBF features lack the other important aspect of EmECS:
with radial basis functions, the inputs are not mapped to
extreme points of a convex set. Instead they lie on a low-
dimensional surface which can be so curvy that it becomes
hard for individual neural nodes with ReLU gates, whose
activation regions are half-spaces determined by hyperplanes,
to separate a local region on this curvy surface from other
parts of the surface (cf. Figure 12a).
Similarly, the behavior of neural nets with sparsified RBF
features is in sharp contrast with that of TC-NN. Now in
both cases, the input transformations create sparse features
based on the geometrical structure of the state space. Again,
the difference is that the sparsified RBF features do not lie
among extreme points of a convex set, whereas the tile-coded
features do and this, we believe, has helped reduce learning
interferences and improved considerably the performance of
the neural net.
Although it is hard to analyze the complex behavior of the
entire network, to partially verify that what we just pointed
out is a major reason why these neural nets with RBF/SRBF
features failed, we plotted in Figure 12 the response func-
tions of several nodes, after training these neural nets on the
Mountain Car control problem. The majority of the node
response functions we found are global. Even the relatively
local ones tend to have strong responses to multiple spots in
the state space that are far apart from one another. We plotted
some of them in the two columns on the left side of the figure.
These node response functions from neural nets with
RBF/SRBF features can be contrasted with the node response
functions of neural nets with tile coding or EmECS shown by
Figure 14 in the appendix on comparison of TC-Lin and TC-
NN and Figure 18 in the appendix on comparison between
EmECS and coarse coding.
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<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/ CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgE tlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/ CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgE tlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/ CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgE tlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/ CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgE tlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
7 6 5 3 2
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↵
<latexit sha1_base64="JtDqaCSYHdUsArJ lViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2Zl lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqy hpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPw dZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBp V9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI 5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQW vHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJ lViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2Zl lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqy hpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPw dZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBp V9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI 5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQW vHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJ lViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2Zl lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqy hpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPw dZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBp V9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI 5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQW vHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJ lViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2Zl lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqy hpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPw dZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBp V9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI 5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQW vHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8Hic bVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFf cPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bG z/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkO sMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8Hic bVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFf cPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bG z/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkO sMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8Hic bVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFf cPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bG z/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkO sMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8Hic bVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFf cPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bG z/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkO sMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
7 6 5 3 2
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↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrx hfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3np g2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1m HGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrx hfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3np g2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1m HGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrx hfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3np g2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1m HGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrx hfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3np g2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1m HGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/ CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgE tlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/ CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgE tlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/ CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgE tlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/ CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgE tlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
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↵
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Figure 11: Parameter study for neural nets with 50 and 100 RBF or sparsified RBF (SRBF) features, on the Mountain Car
problem. The performance of LPj-NN is plotted for comparison.
(a) RBF-NN
(b) SRBF-NN
Figure 12: Response functions of neural nodes visualized on the original state space, for two neural nets operating on 100 RBF or
SRBF features, after training them on the task Mountain Car. The horizontal (vertical) axis in the plots is position (velocity).
The color scheme is such that if we normalize the responses to be between 0 and 1, dark red is 1, green is 0.5, and dark blue is 0.
C Larger values of trace parameter λ
In this appendix we provide the experimental results for
larger values of the trace parameter λ, for three different
prediction and control tasks that we considered in Section 5.
More specifically, we provide the results for λ = 0.5 and
λ = 0.95 and for four algorithms: tile coding jointly with neu-
ral networks (TCj-NN), lift-and-project jointly with neural
networks (LPj-NN), tile coding with linear function approxi-
mation (TCj-Lin), and neural networks with raw inputs (NN).
The results are shown in Figure 13. We also performed ex-
periments with λ = 0.85, the results of which are not shown
here because they were similar to λ = 0.95.
As can be seen from these figures, although all meth-
ods got better in terms of speed and final performance, NN
was still slower than the other methods across all tasks. In
Mountain Car prediction, LPj-NN and TCj-NN main-
tained their superior performance as larger values of λ were
used. In Mountain Car control, all methods had a similar
final performance for each specific value of λ, except for NN
which could not solve the task. However, as λ increased, each
method achieved faster learning and better final performance,
compared to when it used a smaller λ. In the Acrobot task,
TCj-NN outperformed other methods in terms of speed and
final performance, when λ = 0 or 0.5. When λ = 0.95, the
performance of all methods were close to each other.
6 5 4 3 2
↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
↵
<latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit> (10 x)
<latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit><latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit><latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit><latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit>
TCj-NN
LPj-NN
NN
TCj-Lin
4 3 2 1 0
4 3 2 1 0
6 5 4 3 2
↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
↵
<latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit>
(10 x)
<latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit><latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit><latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit><latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit>
TCj-NN
LPj-NN
NN
TCj-Lin
↵
<latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit>
(10 x)
<latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit><latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit><latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit><latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit>
↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
7 6 5 4 3 2
6 5 4 3 2 1 0
NN
TCj-Lin
LPj-NN
TCj-NN
↵
<latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit>
(10 x)
<latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit><latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit><latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit><latexit sha1_base64="ROLkNd7nxS5T8/bJSX1jM2usHO8=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUhUNSOtpl0Y3LCvYh7VgyadqGZjJDkhHL0K9w40IRt36OO// G9CGo6IELh3Pu5d57glhwbRD6cDJLyyura9n13Mbm1vZOfnevoaNEUVankYhUKyCaCS5Z3XAjWCtWjISBYM1gdDH1m3dMaR7JazOOmR+SgeR9Tomx0k0Ro9v05H5y3M0XkItOvTKuQOR6CFewZ0nJwwiVIHbRDAWwQK2bf+/0IpqETBoqiNZtjGLjp0QZTgWb5DqJZjGhIzJgbUslCZn209nBE3hklR7sR8qWNHCmfp9ISaj1OAxsZ0jMUP/2puJfXjsx/ Yqfchknhkk6X9RPBDQRnH4Pe1wxasTYEkIVt7dCOiSKUGMzytkQvj6F/5NGycXIxVflQvV8EUcWHIBDUAQYnIEquAQ1UAcUhOABPIFnRzmPzovzOm/NOIuZffADztsnvjmPtw==</latexit>
↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
7 6 5 4 3 2
6 5 4 3 2 1 0
NN
TCj-Lin
LPj-NN
TCj-NN
TCj-Lin
NN
TCj-NN
LPj-NN
↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBo PgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7 KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5 QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPl vTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMTo en3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
7 6 5 4 3
↵
<latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit><latexit sha1_base64="NZkPjharW39K0sClHdGWX3RMeJ8=">AAAB7XicdVDLSgMxFM3UV62vqks3wS K4GpLS0S6LblxWsLXQDiWTZtrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nSgU3FqEPr7Cyura+UdwsbW3v7O6V9w/aRmWashZVQulORAwTXLKW5VawTqoZSSLBbqPx5cy/vWfacCVv7CRlYUKGksecEuukd o+IdET65Qry0VlQw3WI/ADhOg4cqQYYoSrEPpqjApZo9svvvYGiWcKkpYIY08UotWFOtOVUsGmplxmWEjomQ9Z1VJKEmTCfXzuFJ04ZwFhpV9LCufp9IieJMZMkcp0JsSPz25uJf3ndzMb1MOcyzSyTdLEozgS0Cs5 ehwOuGbVi4gihmrtbIR0RTah1AZVcCF+fwv9Ju+pj5OPrWqVxsYyjCI7AMTgFGJyDBrgCTdACFNyBB/AEnj3lPXov3uuiteAtZw7BD3hvn9odj04=</latexit>
(10 x)
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Figure 13: Learning curves and parameter studies for two
different values of λ.
D Comparison of TC-Lin and TC-NN
Here, we continue our discussion from Section 3 of the paper.
We first show experimentally how TC-Lin and TC-NN are
different. We then provide an intuitive explanation of why
TCs-Lin suffers from generalization restrictions whereas TCs-
NN does not. After that we use neural node response function
(similar to the ones in Appendix B) to explain why TCs-NN
performs as well as TCj-NN.
We compare TCs-Lin, TCj-Lin, TCs-NN, and TCj-NN for
all values of λ on the Mountain Car prediction problem.
(Results of LPs-NN, and LPj-NN are also shown). Our results
in Figure 16 show that for all values of λ, TCs-Lin is worse
than TCj-Lin in terms of asymptotic performance. TCs-Lin’s
range of step size for which it converges is smaller than TCj-
Lin. However, TCs-NN and TCj-NN (and also LPs-NN and
LPj-NN) achieve the same performance for the same values
of step sizes. These results show that TC-NN outperforms
TC-Lin for all values of λ.
When we tile code different dimensions of the input space
separately and combine them with linear function approxi-
mation, the resulting method (TCs-Lin) has a rather critical
limitation: it cannot take into account how features from dif-
ferent dimensions interact with each other. For example, in
the continuous 2D space, it cannot express if a feature from
the first dimension is good when the feature from the second
dimension has a specific value. Whenever TCs-Lin updates
the weights corresponding to feature x in the first dimension,
it generalizes for x and all features of the second dimen-
sion, which might not be ideal. TCj-Lin solves this problem
by coding both dimensions at the same time and capturing
the neighborhood information in both dimensions. Neural
nets generalize differently and therefore do not encounter the
aforementioned problem. A neural net with ReLU gates can
choose to generalize for feature x from the first dimension
when feature y from the second dimension has a specific
value or, in the case of tile coding, when feature y is absent
(equal to zero) even if the input dimensions are tile coded
separately. This is because in a fully connected network, all
the features are gathered together at each node, and each node
can respond to the features of its choice. The conclusion is
that when the input space is tile coded separately, a linear
function approximation method has a limitation that neural
nets do not have.
Now let us focus on the neural node response functions
for TCs-NN and TCj-NN and compare them to those of NN.
Figure 14 shows some response functions for TCj-NN and
TCs-NN. We followed the same procedure as in Appendix
B to create these figures. The figures show that the response
functions for TCj-NN and TCs-NN are similar, meaning that
when the input is tile coded separately or jointly, the neural
net still generalizes between states in a similar fashion.
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Figure 14: Response functions for tile coding plus neural nets
on the Mountain Car control problem.
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Figure 15: Response functions for NN with raw inputs for
the Mountain Car control problem.
One important characteristic of TCj-NN and TCs-NN is
that the nodes tend to focus their responses to a connected
region. The reason is that when the inputs are tile coded, they
are mapped to vertices of a hypercube in a higher dimension.
Although the state space does not preserve its shape in this
transformation, the neighborhoods that are close in the origi-
nal space, tend to have a small Hamming distance between
their binary representations and therefore they are still close
to each other on the hypercube. This means that the nodes
respond to neighborhoods that are close in the original space.
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value error
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(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
4 3 2 1 0
LPj-NN
TCj-NN
LPs-NN
TCs-NN
↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPg KeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgr V/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh +eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPg KeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgr V/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh +eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPg KeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgr V/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh +eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPg KeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgr V/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh +eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
6 5 4 3 2
LPj-NN
TCj-NN
LPs-NN
TCs-NN
↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPg KeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgr V/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh +eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPg KeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgr V/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh +eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPg KeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgr V/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh +eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPg KeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgr V/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh +eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
6 5 4 3 2
TCj-NN
LPs-NN
TCs-NN
↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPg KeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgr V/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh +eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPg KeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgr V/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh +eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPg KeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgr V/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh +eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPg KeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgr V/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh +eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs 9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaP LcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
6 5 4 3 2
Root mean
square 
value error
 estimate
  = 0.5   = 0.85   = 0.95
Mountain car prediction
TCj-Lin
TCs-Lin
↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZ OYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvP o/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjC PBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1 JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJu lg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoP MIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZ OYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvP o/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjC PBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1 JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJu lg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoP MIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZ OYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvP o/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjC PBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1 JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJu lg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoP MIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZ OYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvP o/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjC PBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1 JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJu lg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoP MIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
<latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMx EJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNg wznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6K IyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7 hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMx EJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNg wznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6K IyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7 hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMx EJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNg wznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6K IyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7 hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit><latexit sha1_base64="5MlYNA71UX1btwNYpOEiYlaxFiE=">AAAB8HicbVBNSwMx EJ2tX7V+VT16CRahHiy7RdBj0YvHCvZD2rVk02wbmmSXJCuWpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNg wznLZjRbEIOG0Fo+up33qkSrNI3plxTH2BB5KFjGBjpfuy5z6kZ0+T016x5FbcGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6K IyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0qxXPrXi356XaVRZHHo7gGMrgwQXU4Abq0AACAp7 hFd4c5bw4787HvDXnZDOH8AfO5w9vnY+B</latexit>
4 3 2 1 0
LPj-NN
TCj-NN
LPs-NN
TCs-NN
↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZ OYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvP o/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjC PBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1 JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJu lg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoP MIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZ OYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvP o/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjC PBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1 JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJu lg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoP MIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZ OYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvP o/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjC PBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1 JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJu lg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoP MIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZ OYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvP o/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjC PBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1 JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJu lg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoP MIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>
(10 x)
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Figure 16: Parameter studies for different values of λ.
However, there can still exist nodes that respond to different
regions of the space (see the top right figure of TCj-NN in
Figure 14).
When response functions from TCj-NN and TCs-NN are
compared to the ones for NN in Figure 15, one can observe
that the response of a single node in NN is linear within its
activation region while TCj-NN or TCs-NN approximate a
more complex function that is not linear with respect to the
original input space in their activation regions.
E Comparison between EmECS and coarse
coding
In Section 4 we briefly discussed some similarities between
EmECS and coarse coding and how the choice of the embed-
ding in EmECS can influence the shapes of the activation
regions of nodes in the neural nets when they operate on
transformed inputs. This appendix is a longer version of that
discussion, with more details and illustrations.
In terms of local generalization, EmECS is similar in spirit
to coarse coding, despite their being seemingly unrelated.
As explained in Section 3 and illustrated in Figure 17, in
coarse coding we cover the state space with overlapping sets
(circles, in this case), referred to as receptive fields (of the
corresponding features). Observations at state s will activate
the three shaded receptive fields that contain s. The union
of these fields delineates the region in which generalization
occurs, and this region is connected and composed of “nearby”
states.
When we apply EmECS, what resemble the generalization
regions in coarse coding are the activation regions of each
neural node, viewed in the original input space. Because of
the embedding property, these activation regions are also con-
nected (like in coarse coding), if the hyperplanes associated
with the nodes have their normal vectors point in the right
directions in the transformed input space, as we mentioned
in Section 4. For instance, with the lift-and-project map in
Example 1(a), it suffices that these normal vectors point “up-
wards” with respect to the extra (n + 1)-th dimension, i.e.,
the (n+ 1)-th component of every normal vector is nonneg-
ative. Similarly, if we use the separate embedding scheme
described in Example 1(c) with lift-and-project maps, it suf-
fices that those normal vector components associated with
the extra dimensions are nonnegative.
If the physical state space is not X but a connected sub-
space of X , then a connected activation region in X , when
it is too large, can still contain disconnected sets of physical
states. However, by the geometric property of extreme points
discussed at the beginning of Section 4 and by the embed-
ding property, EmECS ensures that as the activation region
(viewed inX) becomes sufficiently small, it will contain only
a connected subset of physical states.
If a node is activated by an input and the network is up-
dated with gradient-descent using that input and a small step
size, the activation region as well as the response of the node
within that region will be modified slightly. Thus when car-
rying out generalization, both coarse coding and the neural
nodes in EmECS respect the topological structure of the orig-
inal input space, although coarse coding does that in a coarser
way.
In coarse coding, receptive fields can have different sizes
and shapes. So are the activation regions in EmECS, as il-
lustrated schematically in Figure 17. However, the receptive
fields in coarse coding are chosen in advance before learn-
ing takes place, whereas in EmECS, the activation regions
change their locations and sizes dynamically during learning.
Their shapes depend partly on the embedding, so by choos-
ing the embedding, we can have influence over them, like in
coarse coding.
Figure 17: Similarities between receptive fields in coarse cod-
ing and activation regions in EmECS. Top: receptive fields
(in this case, circles) in coarse coding. Bottom: activation re-
gions (ellipses, in this case) of three neural nodes in EmECS,
viewed in the original input space. Each node responds with
greater intensity (darker shading) to inputs lying deeper in-
side its activation region.
As a simple example, if we scale the coordinates of X to
create the space X ′ and then embed X ′ using the lift-and-
project map in Example 1(a), then viewed in the original
space X , the activation regions will be asymmetric, wider in
some dimensions and narrower in others, and their shapes
will also depend on where they are located. As another exam-
ple, the separate embedding scheme in Example 1(c) gives
the network more freedom to produce activation regions that
are asymmetric, whereas a joint embedding scheme like Ex-
ample 1(a) can be used to enforce symmetric or specific
asymmetric shapes.
Finally, to give a sense of what these activation regions
actually look like when the neural nets have been trained on
a task, we plotted in Figure 18 the response functions of a
few neural nodes on the original input space, after the neu-
ral nets solved the Mountain Car control problem using
Sarsa(0). Two types of maps are used to apply EmECS in this
experiment. The first one is the lift-and-project map given in
Example 1(a); the corresponding algorithm is denoted LPj-
NN. The second one is the separate embedding scheme given
in Example 1(c), where we embed the two dimensions of
the state space separately, and we take the component maps
f1, f2 to be lift-and-project maps given in Example 1(a). The
corresponding algorithm is denoted LPs-NN.
The node response functions for LPj-NN and LPs-NN are
plotted in Figure 18. The activation regions have different
shapes under LPj-NN and LPs-NN. They are located across
the state space, each focusing on some part of the space.
However, instead of localized to small neighborhoods of
particular states, they tend to be spread-out.
As to why these neural nets prefer large activation regions
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Figure 18: Response functions of neural nodes visualized on the original state space, for two trained neural nets operating
on inputs transformed by EmECS with joint (LPj) and separate (LPs) embedding schemes. The task is Mountain Car; the
horizontal (vertical) axis in the plots is position (velocity). The color scheme is such that if dark red represents 1, then green is
0.5 and dark blue is 0.
for each node, one explanation could be that each node was
initialized with a random global activation region and it was
hard for the nodes to coordinate with each other to shrink their
activation regions to small neighborhoods of specific states.
Another possible reason is that having many small activation
regions makes it harder to approximate well the function
values at the boundaries of the activation regions, and it is
actually easier for the neural nets to get good approximations
by having a spread-out response from each node. Further
investigations are needed to better understand this behavior
of neural nets.
